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The synthesis and characterization of a liquid-crystal copolyester is 
discussed. 
In an attempt to synthesize poly[oxy (2-chloro-l, 4-phenylene) oxytere- 
phthaloyl-co-oxy(2-chloro-l,4-phenylene)Qxy-l, 4-phenylene diacetoyl], 
condensation polymerization was utilized. In characterizing the copoly¬ 
ester, IR and NMR Vectra were used along with DSC, TGA, inherent visco¬ 
sity, solubility and optical polarizing microscopy. 
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INTRODUCTION 
Matter is usually said to exist as either a solid, liquid, or gas. 
Pertain organic materials do not show a single transition from solid to 
liquid, but contain mechanical and synmetry properties which are inter¬ 
mediate between that of a liquid and that of a crystal. They have thus 
been called "liquid crystals" or mesomorphic phases. 
Thousands of organic compounds form liquid crystals when the solid 
crystal is heated above its melting point. The mesomorphic phase appears 
as a viscous fluid which can be identified visually by its optical 
birefringence. At high températures, transitions to other mescphases may 
occur in seme cases while other compounds display only one mesephase. At 
even higher temperatures, the turbidity vanishes giving way to the clear 
appearance of the ordinary liquid.1 
Liquid crystals may either be thermotropic or lyotropic. Mescphases 
that arise as a result of the temperature change of a pure substance are 
termed thermotropics. lyotropic liquid crystals are those that are 
formed when the amount of solvent is increased beyond the critical 
concentration. An example of a lyotropic liquid crystal would be a long- 
chain saturated fatty acid in aqueous solution. Lyotropic mescphases 
play an important role in biological systems. A medical application of 
the mesephase may be illustrated with its use in cancer diagnosis. The 
rapid reproduction of cancer cells is associated with increased metabolism 
and hence higher temperatures than exhibited by cells with a normal 
1 
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growth function. If that part of the body where suspected cancer is 
located is coated with a cholesteric liquid crystal, the existence of 
cancer is indicated by the local color change as a result of the higher 
temperature.3 Liquid crystal thermography is, therefore, an ideal 
means for early detection of cancer if the tumor is close to the skin 
surface. It can also be used to differentiate between benign and 
malignant tumors.4 
Thermotropics usually are elongated, rod-like structures which 
posess one or more polar groups, and the shapes of the molecules 
predisposes them to set themselves parallel to one another. Thus, when 
the temperature is increased, the transition to the random orien¬ 
tation of the true liquid state should be achieved in stages. Many 
scientists consider liquid crystals interesting due to a strong 
anisotropy in their physical properties which arises form the order¬ 
ing of the constituent structures. 
Liquid crystals may be classified into three catagories which are: 
nematic, cholesteric and smectic. Many nematics and smectics are 
aromatic compounds containing two or more benzene rings, whereas many 
cholesterics are esters of cholesterol. A simple picture of the order¬ 
ing of the nematic phase is given in Figure 1. From this diagram, 
one can see that the elongated molecules tend to align themselves 
along a preferred direction. The direction may change with tempera¬ 
ture changes. 
The director, n(r), giving the local orientation may be distorted 
easily and reoriented by electric and magnetic fields. Many nematic 
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Figure 1. Schematic representation of nematic order. 
Figure 2. Schematic representation of cholesteric order. 
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molecules are partially flexible resulting in différait parts of the 
molecule having different orders. 
Fran the diagram in Figure 2, cne can see that cholesteric liquid 
crystals are like nematics in that the constituent molecules have lcng- 
range orientational ordering, with no long-range order in the positioning 
of the centers of mass. The two phases differ in that the director in 
the cholesteric phase varies regularly throughout the bulk of the medium. 
The resulting structure is somewhat of a twisted nematic. One must note 
that the molecules in this phase do not lie in a well-defined plane. 
The smectic phase is different from the nematic phase due to its 
stratification. When locking at Figure 3, cne can see that the molecules 
are arranged in layers with their long axes normal to the plane of the 
layers. Smectic liquid crystals are not true crystals because there is 
no long-range positional ordering of the molecules within each layer as 
would be the case in a true crystal. In smectic liquid crystals, the 
layers can slide cne over another. Tentatively, eight smectic phases 
have been found to exist. The more widely studied are denoted as A, C, 
and B phases. All visually have one degree of transitional ordering, 
which results in a layered structure. Due to the particil translational 
ordering, the smectic phases are much more viscous than either the 
nematic or cholesteric phases. 
SMECTIC A ORDER 
Within the layers of this order, the molecules are aligned parallel to 
the normal layer and are uncorrelated with respect to the center of mass 













Figure 3. Schematic representation of two types of smectic order: 
(a) smectic A order; (b) smectic C order. 
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fluid and the layer thickeness is identical to the full molecular length. 
SMECTIC B CREER 
In this order, the layers are no longer fluid as in A and C orders. It 
is also suggested that this order may well be a plastic crystal. It was 
recognized early that the formation of plastic crystals is due to the 
capacity of the constituent molecules over a particular range of 
tenperature to arrange themselves in a cubic array while at the same time 
undergoing thermal rotatory displacements so that there is no long-range 
orientational order between the molecules. At the upper limit of this 
temperature range, liquefaction occurs with the breakdown of the cubic 
arrangement, but with only a small increase in the entropy and little 
increase in the volume. At the lower température limit, a transition 
occurs typically to an ordered anisotropic solid crystal. In this case, 
there is a large decrease in entropy. Plastic crystals almost always 
contain globular molecules (while not all molecules that are globular 
give rise to plastic crystals). An example of this diversity may be 
illustrated by the fact that CH4, SiH4, CC14, and GeH4 all form 
plastic crystals while SiCl4 does not. Hie type of transition between a 
true crystal and the plastic mesophase may vary from case to case. It 
may be isothermal, (1st order) or gradual (2nd order), but it is not 
always easy to determine since inpurities may make what is actually 
isothermal appear anisothermal.5'6 
Hie bulk of this discussion will be on synthetic polymers. These 
polymers are useful because of their very large molecular weights. A 
polymer may be classified as a honcpolymer or a copolymer. A hemopolymer 
7 
is a macrcmoluecle derived frcm a single mcncmer. A expolymer is a 
macrcmolecule derived firm two or more different monomers. There are 
four types of copolymers: randan, alternating, graft and block. A random 
copolymer is a copolymer in which the monomers are located randomly through¬ 
out the polymer molecule. 
AABAABBBBABBAAAB... 
An alternating copolymer is a copolymer in which the monomer residues 
alternate in the polymer chain. 
ABABABABABABABAB. . . 
A graft copolymer is a copolymer in which one polymer is grown on another 






A block copolymer contains backbones consisting of fairly long sequences 
of different repeating units. 
AAABBBAAABBBAAAB... 
One exanple of a block copolymer is a thermoplastic elastomer. Thermo¬ 
plastic elastomers may be catposed of alternating stiff and soft 
segments joined by urethane linkages. There are two fundamental types of 
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reactions which nay be used in making copolymer. These reactions are 
step growth and chain growth polymerization reactions. In step growth 
reactions: 
1. The growth of the polymer molecules proceeds in a stepwise manner. 
2. Monomer units may react with each other or with polymers of any 
size. 
3. The functional groups at the ends of the monomer have essentially 
the same reactivity as that of the polymer. 
4. A high ooversicn of functional groups is required in order to 
produce a high molecular weight polymer. 
In chain growth reactions: 
1. Each polymer molecule grows at a rapid rate. 
2. Growth of the polymer is caused by a kinetic chain of reactions. 
3. The reactive monomers have active centers. 
4. There are three steps in the mechanism; initiation, propagation and 
termination. 
5. Polymerization is usually initiated by seme external source. 
Most step growth polymerization reactions are condensation re¬ 
actions while most chain growth polymerizations are addition 
reactions. 
For years, researchers at Atlanta University have been synthesizing 
and characterizing copolyesters containing liquid crystal blocks.7-10 
A list of sane of these polymers may be seen in Scheme 1. Many of these 
compounds have been shown to possess liquid crystalline properties. 
9 
Scheme I Some previously synthesized copolyesters by 
researchers at Atlanta University. 
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Figure 4. Generalized structural model of a liquid crystal. 
A generalized structural model of an aromatic compound exhibiting 
liquid crystallinity is shewn in Figure 4. X and Y functionalities are 
chosen such that the width of the molecule is not broadened relative to 
the benzene rings that constitute the backbone. The centred, units A and 
B are carefully selected in order to maximize the number of multiple 
bends along the long axis, thus, providing linearity and increased 
crystallinity.11 All of the above mentioned polymers were prepared by 
reacting aromatic dicarboxyl ic acid chlorides with substituted hydro- 
quinenes.12 
The objective of this research was to synthesize and study the 
liquid crystalline properties of poly [axy(2-chlorc>-l, 4-phenylene) cocytere- 
phthalayl-co-oxy (2-chloro-l,4-phenylene)axy-1,4-phenylene diacetayl]. 
EXHSRIMENIMJ 
Spectroscopic Techniques 
Infrared spectra were obtained en a Nicolet 5DXB FITR Spectrophoto¬ 
meter using KBr discs. The Bruker 250 MHz NMR Spectrometer was used 
for running the 13C NMR spectra. The chemical shifts are reported re¬ 
lative to tetramethylsilane. 
Calorimetric Techniques 
The glass transition tenperature (Tg) and melting temperature (Tm) 
were determined using the Perkin Elmer DSC-4 Thermal Analyzer. 
Viscosity 
The inherent viscosity was determined by using a Canncn-Fenske 
Viscometer. The temperature and concentrâticn used were 30 C and 0.5 
q/100 mL in trifluorcmethanesulfonic acid. 
Optical Polarizing Microscopy 
The Leitz Laborlux 12 Pol polarizing microscope was used to study 
the various thermal transitions of the copolyester. 
Reagents 
Terephthalcyl chloride, iscphthaloyl chloride, 2-methylresorcinol 
and p-dichlorobenzene were all coimercial products. The o-dichloro- 
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benzene was purified by fractional distillation, dried and stored 
over molecular sieves. Dry hexane was used to purify both terephthaloyl 
chloride and iscphthalcyl chloride by crystallization. Deaxygenated 
water was used to purify 2-methylresorcinol by crystallization. 
Preparation of 1.4-Fhenvlenediacetvl Chloride 
In a 100 mL round bottom flask, 13g of phosphorous pentachloride was 
added to 50 mL of ethyl ether. Next, 5g of p-benzenediacetic acid was 
added. The solution was put on a rotavapor-R (Model 282254) and allowed 
to react. The low boiling materials were evaporated off and condensed. 
The desired product was condensed and collected in a second flask. The 
resulting diacid chloride was purified by recrystallizaticn using dry 
hexane. 
Preparation of Folvroxv(2-chloro-1.4-chenylene)axy-terechthaloyl- 
co-oxv (2-chloro-l. 4-ohenvlene) oxv-1.4-rhenvlene diacetoyll with a 
1:1 Molar Ratio of Starting Materials 
Into a 500 mL three-necked round bottom flask, equipped with a 
magnetic stirrer, a condenser, a nitrogen inlet, a thermometer, and a 
sodium hydroxide trap, was charged 3.00g (0.0129 moles) of 1,4-phenylenedi- 
acetyl chloride, 2.64g (0.0129 moles) terephthaloyl chloride, 3.73g (0. 
0258 moles) of 2-chlorohydroquinone and 100 mL of dry o-dichlorobenzene. 
The solution was heated for one hour at 130 C. After 1 hr, the tempéra¬ 
ture was increased to 179 C and the solution was allowed to reflux for 8 
hrs. After cooling, the polymer was precipitated by pouring the reaction 







Scheme II. Preparation of 1,4-phenylenediacetyl chloride. 
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Scheme III. Preparation of poly[oxy(2-chloro-l,4-phenylene)oxy-tere- 
phaloyl-co-oxy- ( 2-chloro-l, 4-phenylene) axy-1,4-phenylene diacetayl ]. 
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hrs. After filtering and washing twice with acetone and then with de¬ 
ionized water, the polymer was put in a vacuum oven and dried at 110°C 
for 36 hrs. A total of 4.26 g of copolyester was yielded. 
RESULTS AND DISCUSSION 
The primary objective of this project was to synthesize a liquid 
crystalline polymer. The first step was to synthesize the 1,4- 
phenylenediacetyl chloride. This reaction is shewn in Scheme II. cnee 
this product was isolated and all the monomers were purified, the polymer 
was prepared with a 1:1:2 ratio of terephthaloyl chloride, 1,4-phenylenedi- 
acetyl chloride and 2-chlorohydroquinone, respectively. The synthetic 
procedure for this polymer may be seen in Scheme III. Characterization 
involved the following methods: IR and NMR spectroscopy, DSC, polarizing 
microscopy, solubility, TGA, elemental analysis and viscosity. 
Infrared Spectroscopy 
The copolyester IR spectrum shown in Figure 5 contains peaks at 
3467.5 and 3080.0 (OH stretch), 1745.3 (ester C=0 stretch), 1597.7, 
1491.1, and 1409.0 (C-C stretch), 1236.7, 1179.3, 1130.1, 1082.7, and 
1015.2 (C-0 stretch), and 900.4, 876.6, 802.0, and 719.9 (C-H out-of- 
plane bending vibrations) cm-1. These peaks are summarized and tabulated 






























































Table 1. IR absorptions of copolyester. 















b=broad, vw=very weak, w=weak, in=medium, s=strong 
Nuclear Magnetic Resonance 
The two most cannai types of NMR spectroscopy techniques are % 
(proton nmr) and 13C. With 3H spectroscopy one obtains indirect 
information about the carbon skeleton of the organic molecule because 
most of the carbon atans have at least one hydrogen attached. In 13C 
spectroscopy, the carbon skeleton may be observed directly, thus, the 
peaks arising from all of the carbon atans are seen, whether they bear 
hydrogens or not. 13C spectroscopy is a useful technique because there 
are a wide range of chemical shifts over which 13C nuclei absorb. In 
13C spectroscopy, signals from organic compounds are spread over a 
chemical shift range of 200 ppm, compared with a range of less than 20 
ppm in a proton spectrum. Protar decoupled 13C spectra are usually 
simpler because signals are less likely to overlap. Because of the low 
natural abundance of 13C (natural abundance 1.1%) there is a very low 
probability that two adjacent carbon a terns will both have 13C nuclei; 
thus, there is no observable spin-spin coupling between the carbon 
nuclei. For my purposes, 13C spectroscopy was performed in the solid 
state because a suitable solvent could not be found. The spectrum shewn 
in Figure 6 shews a peak at 162 ppm, which may be assigned to the 
carbonyl group. The peak at 135 ppm is assigned to the carbons of the 
benzene ring that are directly bonded to ester carbonyl groups. The peaks 
at 120-130 ppm are assigned to the carbons of the benzene ring that are 
directly bonded to oxygen. These assignments are made based on Table 
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Figure 6b NMR spectrum of the copolyester 
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Table 2. Summary of 13C NMR chemical shifts. 
Carbon No. Chemical Shift 
(EPn) 
Assignment 
2,3 162 ester carbonyl 
5,9 135 aromatic carbons 
attached to ester 
group 
1,4,6-8,10,11 120-130 aromatic carbons 





The solubility of the copolymer was determined using several 
solvents and the results were as follows: the ccpolyester was ccnpletely 
insoluble in water, toluene, chloroform, tetrahydrofuran, o-dichloroben- 
zene, benzene, dimethylsulfoxide (EMSO), N,N-dimethylacetamide, dimethyl- 
formamide, 1,2,4-trichlorobenzene, methylene chloride, methanesulfonic 
acid and trifluoroacetic acid. The polymer was partially soluble in 
heated o-chlorophenol, m-cresol and (1:1,v/v) o-chlorophenol and 1,2,4- 
tri-chlorcbenzene. The polymer was insoluble in cold 25°C trifluranet- 
hane-sulfonic acid (CF3SO3H), but was ccnpletely soluble at 37°C. 
Although soluble in hot solution, the polymer decomposed after 3 minutes 
as evidenced by development of a dark brcwn color. 
Thermal Analysis 
Thermal analysis has been an important characterization method for 
many years. It allows one to monitor the effects of temperature, stress 
and environment of a polymer. With the use of differential scanning 
calorimetry (DSC), the glass transition temperatures, melting point, 
thermal degradation and oxidation reactions can be studied rapidly. 
The glass transition temperature (Tg) is the tenperature at which a 
glassy polymer is transformed into a rubbery liquid upon warming. It 
usually occurs before the melting point. The melting tenperature (Tm) is 
the tenperature at which the highest melting crystallities disappear. Tg 
sets the upper temperature limit for the use as amorphous thermoplastics, 
24 
Table 3. Solubility of copolyester. 
Solution Cold Hot 
water 1 1 
o-chlorophenol 1 3 
m-cresol 1 3 
toluene 1 1 
chloroform 1 1 
THF 1 1 
o-dichlorobenzene 1 1 
benzene 1 1 
DMSO 1 1 
N,N-dimethylacetamide 1 1 
dimethylformamide 1 1 
1,2,4-trichlorobenzene 1 1 
methylene chloride 1 1 
o-chlorophenol and 
1,2,4-trichlorobenzene 1 3 
1:1, v/v 
trifluoromethanesulfonic 1 2 
acid 
methanesulfonic acid 1 1 
trifluoroacetic acid 1 1 
l=insoluble, 2=completely soluble, 3=slightly soluble. 
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and the lower temperature limit for rubbery behavior of an elastomer. 
The polymer has a Tm of 200°C Td of 300°C (Fig. 7). 
Thermogravimetric Analysis (TGA) was used to confirm, the decomposit¬ 
ion température (Td) of the block copolyester. The decomposition occurs 
in steps starting at 280°C (Fig. 8). 
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Figure 7. DSC of copolyester. 
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Elemental analysis shewed that the block copolyester poly[oxy-(2- 
chloro-1,4phenylene) oxyterephthaloyl-co-oxy ( 2-chloro-l, 4-phenylene) oxy-1, 
4-phenylene diacetoyl] consisted of 58.08% C, 3.33% H, and 12.6% Cl. The 
corresponding theoretical values were 62.39% C, 3.12% H, and 12.31% Cl. 
Theoretical value based upon an equal concentration from the two 
monomers in the polymer which may or may not be the case. 
Viscosity 
Viscosity measurements indicated an inherent viscosity of 0.54 dl/g. 
This low value is probably due to reaction of the solvent, CF3SO3H, 
with the polymer. Decomposition of the polymer is evident by the 
colored solution. 
Polarizing Optical Microscopy 
Polarizing optical microscopy allows one to observe the transitions 
from one phase to the other clearly with increases in temperature 
(beginning with a solid and ending with a fluid). At 200°C, the solid 
crystals began to soften. This softening was accompanied by flowing of 
the polymer. Upon further increasing the temperature, the polymer began 
to exhibit bright colors. This colorful phase is the liquid-crystal 
phase. The colors were observed in a range of 225-250°C (Fig. 9). At 
temperatures above 250°C, the polymer gradually decomposes. 
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Figure 9. Microscopic pictures of copolyester at (a) 196°C, (b) 216°C, 
and (c) 246°C. 
CONCLUSION 
Poly [ oxy (2-chloro-l, 4-phenylene) oxyterephthal oy 1 -co-oxy- ( 2-chloro- 
1,4-phenylene) oxy-1,4-phenylene diacetoyl ] has been synthesized and shewn 
to retain the DSC transitions thought to be evident for liquid- 
crystalline properties. These properties were supported with the use of 
optical polarizing microscopy. The phase changes occuring at the 
temperatures proposed by DSC were: softening at 200°C which corresponds 
to Tg, liquid-crystalline phase at 225-250°C which corresponds to Tm, 
and decomposition occur ing above 250°C which corresponds to a Tj value 
of 280°C. 
IR and NMR spectroscopy both shewed peaks in desired regions for the 
proposed structure. Also, elemental analysis supported this structure in 
that the experimental composition of carbon, hydrogen and chlorine was 
very close to the theoretical compositions. A viscosity reading was also 
gotten for the polymer which was lew due to decomposition by the solvent, 
trifluorcmethane-sulfonic acid (CF3SO3H). 
30 
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